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(57) ABSTRACT

There is provided a form measuring apparatus including: a
light generator configured to generate a light; a projector
configured to scan the measuring object with the light by
changing an irradiation direction of the light generated by the
light generator; a controller configured to control the light
generator to periodically change an intensity of the light
generated by the light generator, and to change an amplitude
of'the intensity change of the generated light according to the
irradiation direction; an imager configured to take an image of
the measuring object; and a measuring portion configured to
calculate the three-dimensional form of the measuring object
based on the image of the measuring object.
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1
FORM MEASURING APPARATUS,
STRUCTURE MANUFACTURING SYSTEM,
SCANNING APPARATUS, METHOD FOR
MEASURING FORM, METHOD FOR
MANUFACTURING STRUCTURE, AND
NON-TRANSITORY COMPUTER READABLE
MEDIUM STORING PROGRAM FOR
MEASURING FORM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present patent application claims priority from Japa-
nese Patent Application No. 2012-048975 filed on Mar. 6,
2012, and U.S. Provisional Patent Application No. 61/616,
643 filed on Mar. 28, 2012, the disclosures of which are
incorporated herein by reference in their entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to a form measuring appara-
tus, a structure manufacturing system, a scanner, a form mea-
suring method, a structure manufacturing method, and a com-
puter-readable medium storing a form measuring program.

2. Description of the Related Art

There have been known form measuring apparatuses for
three-dimensionally measuring shapes or forms of human
bodies, artifacts such as industrial products, and the like (for
example, see U.S. Pat. No. 5,848,188). Such a form measur-
ing apparatus projects a grating pattern (to be also referred to
as a structured light hereinafter) onto a measuring object, that
is, an object to be measured; and measures a three-dimen-
sional form of'the measuring object by taking an image of the
grating pattern projected on the measuring object. Further, in
such a form measuring apparatus, a mirror (scanner), for
example, is used to project the grating pattern.

SUMMARY

An aspect of the present teaching provides a form measur-
ing apparatus configured to measure a three-dimensional
form of a measuring object, including:

a light generator configured to generate a light;

a projector configured to scan the measuring object with
the light by changing an irradiation direction of the light
generated by the light generator;

a controller configured to control the light generator to
periodically change an intensity of the light generated by the
light generator, and to change an amplitude of the intensity
change of the generated light according to the irradiation
direction;

an imager configured to take an image of the measuring
object; and

a measuring portion configured to calculate the three-di-
mensional form ofthe measuring object based on the image of
the measuring object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a form measuring appa-
ratus in accordance with a first embodiment;

FIG. 2 shows a model of a MEMS mirror projecting light
onto a measuring object in accordance with the first embodi-
ment;

FIG. 3 shows a modulation signal before correction by a
conventional modulator;
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2

FIG. 4 shows an intensity distribution of light when such
correction is not carried out as by a modulator in accordance
with the first embodiment;

FIG. 5 shows a modulation signal corrected by the modu-
lator in accordance with the first embodiment;

FIG. 6 shows an intensity distribution of light corrected by
the modulator in accordance with the first embodiment;

FIG. 7 is a flowchart showing a measuring process of the
form measuring apparatus in accordance with the first
embodiment;

FIG. 8 shows four types of corrected modulation signals
different in phase in accordance with the first embodiment;

FIG. 9 is a schematic block diagram showing a construc-
tion of a structural object producing system in accordance
with a second embodiment; and

FIG. 10 is a flowchart showing a process flow by the
structural object producing system in accordance with the
second embodiment.

DESCRIPTION OF THE EMBODIMENTS

Referring to the accompanying drawings, explanations
will be given below about a form measuring apparatus in
accordance with a first embodiment of the present teaching.

First Embodiment

FIG. 1 is a schematic block diagram showing a form mea-
suring apparatus 1 in accordance with the first embodiment.

As shown in FIG. 1, the form measuring apparatus 1
includes a laser diode 10, a DAC (Digital to Analog Con-
verter) 11, an amplifier 12, a projector 20, an imager 30, a
controller 40, a storage 60, and a display 70.

The laser diode 10 is a light flux generator such as a visible
light semiconductor laser diode or the like, for example,
irradiating the projector 20 with light flux (laser light).
Because a light intensity or a luminescence intensity of the
laser diode 10 is determined according to the drive current to
be injected, the intensity of the light flux generated by the
laser diode 10 changes with drive current signals supplied
from the amplifier 12. Therefore, when periodically changing
drive current signals are inputted from the amplifier 12, then
in response to that, laser light emitted from the laser diode 10
is periodically changed in intensity.

The projector 20 shapes the light flux radiated from the
laser diode 10 into such light flux as having a predetermined
intensity distribution, and then sequentially projects the light
flux from the laser diode 10 onto the entire measuring area of
a measuring object 3 by deflecting the irradiation direction of
that light flux toward the measuring object 3. The projector 20
includes a light projection lens 21 and a MEMS mirror (Micro
Electro Mechanical Systems) 22. While the light projection
lens 21 in FIG. 1 is shown as a single lens for simplification,
the light projection lens 21 actually includes lenses such as a
cylindrical lens, condensing lens and the like for shaping the
light flux into the predetermined intensity distribution. The
MEMS mirror 22 includes a reflector and a hinge to retain the
reflector. This hinge is provided in a vertical direction to the
reflector on the sheet surface of FIG. 1. Then, it is caused to
move reciprocatingly in a direction shown by the arrow mark
in FIG. 1. The MEMS mirror 22 applies a force to this hinge
in a torsional direction thereof to cause the reflector to
undergo a repetitive rotary movement in a state of mechanical
resonance, thereby projecting the light flux from the laser
diode 10 onto the entire measuring area of the measuring
object 3. Since the MEMS mirror 22 is caused to repetitively
undergo a torsional movement, a facing direction to which the
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reflector faces changes periodically because of the simple
harmonic motion. The projector 20 irradiates the measuring
object 3 with the light flux from the laser diode 20, being
deflected by the MEMS mirror 22. Then the light flux is
irradiated from a different direction with the direction in
which the imager 30 takes an image such that the light flux
from the laser diode 10 is projected onto the measuring area of
the measuring object 3, while the imager 30 is exposed so as
to image the measuring object 3.

Further, the projector 20 has the light projection lens 21
which includes a cylindrical lens and the like to shape the
intensity distribution such that the laser light radiated from
the laser diode 10 has a linear light intensity distribution in
such one direction as vertical to the optical axis direction of
the laser light. The projector 20 can let the MEMS mirror 22
change in reflecting direction to form a bright-dark distribu-
tion of brightness on the surface of the measuring object 3
within a predetermined time at the same pitch while periodi-
cally changing the intensity of the light. Therefore, with the
MEMS mirror 22 displaced by half the period of the simple
harmonic motion, the projector 20 projects, onto the measur-
ing object 3, a stripe pattern (sinusoidal grating) which
changes sinusoidally in brightness toward the measuring
object 3.

Further, the projector 20 includes the light projection lens
21, the MEMS mirror 22, and an angle detector 50.

The light projection lens 21 includes condensing lenses
233 and 213, and a cylindrical lens 24 as described below, and
is arranged between the laser diode 10 and the MEMS mirror
22.

The MEMS mirror 22 (deflector) causes the hinge to
undergo a torsional motion based on a control signal, supplied
from the controller 40. The MEMS mirror 22 reflects the light
emitted from the light projection lens 21, and projects the
reflected light onto the measuring object 3. The MEMS mir-
ror 22 is a reflecting member of simple harmonic motion type
which is configured to change the irradiation direction of the
light flux with a constant period. Here, the light to be reflected
by the MEMS mirror 22 is an approximately rectangular
shaped pattern light (hereinafter, also referred to a linear
light) which has passed through the cylindrical lens 24. The
MEMS mirror 22 can scan the whole of an approximately
square area via scanning over the measuring object 3 with the
rectangular shaped pattern light in the latitudinal direction
thereof by letting the central axis of oscillation be a longitu-
dinal direction of an approximate rectangle.

The angle detector 50 is, for example, a sensor such as an
eddy current sensor, capacitance sensor or the like, and
detects the facing angle of the reflecting surface of the MEMS
mirror 22, or the phase of the oscillation period. The angle
detector 50 supplies the controller 40 with the detected direc-
tion of the reflecting surface of the MEMS mirror 22. Further,
the angle detector 50 can also use a simple proximity switch
such as a photo interrupter or the like, for example, which
does not output the facing angle of the reflecting surface but
outputs the phase of oscillation (for example, the timing infor-
mation which indicates that the light direction is a predeter-
mined direction). Especially, the MEMS mirror 22 lets its
reflecting surface undergo a periodical, change always with a
constant frequency and amplitude (the maximum deflection
range of the reflecting surface displacement), by repetitively
displacing the reflecting surface with the resonance fre-
quency of the structure retaining the reflecting surface. There-
fore, it is possible to calculate in what direction the reflecting
surface is facing by detecting the phase in this oscillation
state. Further, when the oscillation period of the MEMS mir-
ror 22 is known, then the controller 40 can detect the change
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of'the light direction in association with the elapsed time from
this timing information, based on the information denoting
the timing indicating that the reflecting surface is in a speci-
fied direction. Here, explanations will be made in regarding
the angular information as including such information as, for
example, angle (phase), angular velocity, the above phase of
oscillation, and the like.

The imager 30 generates an image of the measuring object
3 by way of imaging the measuring object 3. The imager 30
can acquire an integrated light amount distribution acquired
in one frame. Therefore, the image acquired by the imager 30
can be taken as an image ofhaving projected the stripe pattern
on the measuring object 3 by sinusoidally changing the
amount of the light flux emitted from the laser diode 10 along
with the time while deflecting the laser light with the MEMS
mirror 22. Therefore, in the first embodiment, the imager 30
carries out the exposure operation in cooperation with the
projector 20. Especially, the imager 30 carries out the expo-
sure process in synchronization with the oscillation phase of
the reflector of the MEMS mirror 22 (the reflector) of the
projector 20. The imager 30 sends the generated image to the
controller 40. Then, the controller 40 stores the image data of
the image into the storage 60. In the first embodiment, the
imager 30 generates a plurality of images by way of taking an
image of the measuring object 3 on which the projector 20 has
projected a plurality of grating patterns different in initial
phase, according to each initial phase based on N-bucket
method.

Further, the imager 30 includes a light receiving lens 31, an
area sensor 32, and an ADC (Analog to Digital Converter) 33.

The light receiving lens 31 is a light receiving optical
system (imaging optical system) which causes the area sensor
32 to form an image of the stripe pattern projected on the
surface of the measuring object 3.

The area sensor 32 (imaging element) is a light receiving
element which receives the image formed by the light receiv-
ing lens 31, and converts the image into an electric signal
(analog signal). The area sensor 32 is a two-dimensional
image sensor such as, for example, a two-dimensional-type
CCD (Charge Coupled Device) image sensor, two-dimen-
sional-type MOS (Metal Oxide Semiconductor) image sen-
sor, or the like. The area sensor 32 converts the image of the
grating pattern formed by the light receiving lens 31 into an
analog signal, and supplies the analog signal to the ADC 33.

The ADC 33 converts the analog signal into a digital signal,
and supplies the controller 40 with the converted digital sig-
nal, i.e. the image data.

The storage 60 stores a variety of information for the form
measuring apparatus 1. The storage 60 stores, for example,
the image data obtained by the imager 30 via imaging, various
kinds of setting information for measuring, aftermentioned
correction information 61 of a drive signal when controlling
the laser diode 10 to drive, etc. The storage 60 stores precal-
culated correction information in association with the direc-
tional change of the light (for example, the angular informa-
tion). Here, the correction information is correction table
information such as, for example, a lookup table or the like.

The display 70 is a display exhibiting various kinds of
information. For example, the display 70 exhibits point group
data and the like indicating a three-dimensional form of the
measuring object 3 obtained through calculation by an after-
mentioned measuring portion 42.

The controller 40 carries out control of a process to mea-
sure the form of the measuring object 3 for the form measur-
ing apparatus 1, and a calculation process to obtain a three-
dimensional form of the measuring object 3. In particular, the
controller 40 controls the drive current supplied to the laser
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diode 10 to synchronize with the oscillation state of the
MEMS mirror 22 so as to generate a periodical intensity
change in the laser light emitted from the laser diode 10. The
controller 40 also controls the imager 30 to take an image of
the aforementioned grating pattern or the stripe pattern within
an imaging time. Further, the controller 40 calculates three-
dimensional coordinates of the measuring object 3 and out-
puts the form measurement value of the measuring object 3,
based on the image taken by the imager 30. Then, the con-
troller 40 controls the display 70 to display the measured form
of the measuring object 3.

Further, the controller 40 includes a modulator 41 and the
measuring portion 42.

The modulator 41 applies modulation to the periodical
change of the light-emitting intensity of the laser light radi-
ated by the laser diode 10. On this occasion, the modulator 41
carries out the modulation set according to the facing of the
reflecting surface of the MEMS mirror 22. By virtue of this,
the light-emitting intensity of the laser light changes periodi-
cally according to the facing of the reflecting surface of the
MEMS mirror 22.

Next, a detailed explanation will be given about the modu-
lation carried out by the modulator 41. If the measuring object
3 is a flat surface, then the modulator 41 controls the change
of the light-emitting intensity of the laser light according to
the reflecting direction of the MEMS mirror 22 such that the
imager 30 takes an image of the equal-interval grating pattern
(stripe pattern). In this instance, the modulator 41 corrects the
drive signal having a periodical waveform supplied to the
laser diode 10 according to the direction of the reflecting
surface of the MEMS mirror 22, so that in whatever portion of
the measuring area of the measuring object 3, the difference in
brightness between bright part and dark part is the same. The
modulator 41 corrects the drive signal having a periodical
waveform supplied to the laser diode 10 according to the
direction of the reflecting surface of the MEMS mirror 22, so
that in whatever portion being compared, the spacing distance
or the interval between bright part and dark part is the same.
The modulator 41 alters the period of the light-emitting inten-
sity change of the laser light according to the facing of the
reflecting surface of the MEMS mirror 22 (a first method). In
particular, the modulator 41 corrects the period of the inten-
sity change of the laser light according to the deflection direc-
tion of the laser light. By virtue of this, when the measuring
object 3 is a flat surface, the grating pattern (stripe pattern) has
equal intervals.

Further, the modulator 41 alters the amplitude of the inten-
sity change of the laser light intensity according to the direc-
tional change of the laser light (a second method). In particu-
lar, the modulator 41 alters the amplitude of modulating the
laser light intensity according to the direction of the reflecting
surface of the MEMS mirror 22. Specifically, the modulator
41 alters the amplitude of modulating the laser light intensity
such that in any area of the grating pattern projected on a flat
surface parallel to a conjugate plane to the light-receiving
plane of the area sensor 32 of the imager 30, the light intensity
difference becomes almost the same between bright part and
dark part.

Further, descriptions will be made later with respect to the
details of correcting the intensity modulation of the laser light
by way of the above two methods.

Via the DAC 11, the modulator 41 supplies to the laser
diode 10 the drive current which sinusoidally changes
depending on time. In this instance, the modulator 41 corrects
oralters the signal of a reference period to become different in
period and intensity according to the oscillation phase of the
MEMS mirror 22. The above correction of modulation is
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carried out by way of the two methods. For example, the
modulator 41 acquires the timing information indicating a
position of the maximum deflection angle supplied from the
angle detector 50, and carries out the above correction of
modulation according to each elapsed time from this timing
information.

Further, the modulator 41 includes a period corrector 411
and an amplitude corrector 412.

The period corrector 411 is a corrector which carries out
the correction of modulation by the aforementioned first
method, for example, carries out correction of changing the
period of a sinusoidal signal with a single frequency as the
reference, according to the laser light, direction. The sinusoi-
dal signal corrected by the period corrector 411 is input to the
laser diode 10 via the DAC 11 and amplifier 12. Therefore, If
the measuring surface is flat, the imager 30 can acquire an
image of an equal-interval pattern. The period corrector 411
supplies the amplitude corrector 412 with the corrected sinu-
soidal signal data as a modulation signal with corrected
period. The period corrector 411 can also carry out the cor-
rection based on, for example, a sinusoidal signal with differ-
ent frequency and amplitude (a reference modulation signal)
according to the measuring mode.

Further, it is not necessary to sequentially monitor the
angle of the reflecting surface of the MEMS mirror 22 and, in
the first embodiment, the period corrector 411 can also gen-
erate the signal with such a timing that the reflecting surface
of the MEMS mirror 22 forms a predetermined deflection
angle from the angle detector 50 (for example, the maximum
deflection angle). In such case, a similar effect can be
acquired by adjusting the timing of altering the period of the
sinusoidal signal to the timing of detecting the signal. Further,
with respect to the MEMS mirror 22 of the projector 20,
because the light deflection direction changes due to the
simple harmonic motion, the angular change (angular veloc-
ity) detected by the angle detector 50 is fast in the central
portion (central area) but slow in the surrounding portion
(surrounding area) within the range of directional change of
the laser light. Therefore, the period corrector 411 alters the
modulation period so as to lengthen the modulation period of
the drive current supplied to the laser diode 10, when the
facing of the reflecting surface of the MEMS mirror 22 is such
a facing as to project the light flux of the laser diode 10 onto
the surrounding area rather than the central area of the mea-
suring area. In the first embodiment, for example, the period
corrector 411 alters the referential period of the sinusoidal
signal according to the aforementioned timing information
supplied from the angle detector 50 such that the grating
(striping) in the grating pattern (stripe pattern) has equal
intervals.

Further, the period corrector 411 alters the modulation
period according to the optical properties of the imaging
optical system (for example, the focal distance of the light
receiving lens 31, the optical conditions such as the distortion
and the like in the light receiving lens 31). For example, the
period corrector 411 lengthens the referential period of the
sinusoidal signal in the surrounding area rather than the cen-
tral area such that the light receiving lens 31 can secure the
resolution power for measurement.

The amplitude corrector 412 is another corrector which
carries out modulation alteration by the aforementioned sec-
ond method, for example, alters the intensity of the light flux
emitted from the laser diode 10 according to the direction of
the reflecting surface of the MEMS mirror 22. When the
intensity of the light flux emitted from the laser diode 10 is
constant, then because of the different distance from the irra-
diation position of the measuring object 3 projected by the
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MEMS mirror 22 to the MEMS mirror 22, no constant dif-
ference is available in the bright-dark intensity of the grating
pattern in the image obtained by the imager 30. Hence, for
example, the amplitude corrector 412 corrects the amplitude
of the modulation signal of which period has been corrected,
according to the angular information of the reflecting surface
of'the MEMS mirror 22 so as to equalize the intensity ampli-
tude of the grating in the grating pattern.

Further, the amplitude corrector 412 alters the amplitude of
the modulation signal of which period has been corrected
such that the grating intensity distribution in the grating pat-
tern is within the scope ofthe level at which the area sensor 32
is capable of imaging, based on the noise level and saturation
level of the area sensor 32 included in the imager 30. There-
fore, the laser diode 10 is configured to emit an amount of
light at the noise level or higher even for the dark part. That is,
the amplitude corrector 412 alters the amplitude of the light
amount change of the light flux according to the optical con-
ditions of the imaging optical system.

The amplitude corrector 412 supplies the DAC portion 11
with the modulation signal (digital signal) for which correc-
tion is carried out as altering the amplitude of the modulation
signal of which period has been corrected, by the aforemen-
tioned second method.

In this manner, in the present teaching, the degree of the
light flux intensity from the laser diode 10 is altered by means
of the amplitude correction, period correction and the like.
Thereby, a number of problems arising from projection of the
stripe pattern in the scanning of the laser light flux can be
solved.

The measuring portion 42 calculates the three-dimensional
coordinates of the measuring object 3 to measure the form of
the measuring object 3 based on the image taken by the
imager 30. The measuring portion 42 reads out the image data
obtained by the imager 30 and stored in the storage 60, and
measures the form of the measuring object 3 based on the
image data read out. For example, the measuring portion 42
takes images of a plurality of grating patterns (e.g. four grat-
ing patterns) which are different in initial phase based on the
N-bucket method and projected on the measuring object 3,
and carries out form measurement of the measuring object 3
based on the brightness value of an identical pixel in each of
the images. That is, the measuring portion 42 measures the
form of the measuring object 3 based on a plurality of (e.g.
four) images taken by the imager 30 in respective correspon-
dence with a plurality of grating patterns (e.g. four grating
patterns) different in phase.

Further, the controller 40 causes the display 70 to display
the form of the measuring object 3 measured by the measur-
ing portion 42.

The DAC 11 is, for example, a digital-analog converter
which converts a digital signal into an analog signal. The
DAC 11 converts the corrected modulation signal (a digital
signal) supplied from the modulator 41 into an analog voltage
signal, and supplies the converted analog voltage signal to the
amplifier 12.

The amplifier 12 is, for example, a voltage-current conver-
sion amplifier (V/I amplifier) which converts a voltage signal
into a current signal. The amplifier 12 converts, into a current
signal, the analog voltage signal of the corrected modulation
signal supplied from the DAC 11, and supplies the laser diode
10 with the analog current signal of the corrected modulation
signal. That is, the amplifier 12 outputs an injection current to
the laser diode 10. By virtue of this, the laser diode 10 emits
the laser light of which light intensity has been modulated.

Next, explanations will be given about the operation of the
form measuring apparatus 1 in the first embodiment.
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FIG. 2 shows a model of the MEMS mirror 22 projecting
the light onto the measuring object 3 in accordance with the
first embodiment.

In FIG. 2, the same reference numerals are used to refer to
the same components as those in FIG. 1 in terms of configu-
ration, any explanation for which will be omitted. Further,
instead of the light projection lens 21 of FIG. 1, the condens-
ing lens 233, cylindrical lens 24, and condensing lens 213 are
used in FIG. 2 to shape the light flux from the laser diode 10
s0 as to form a linear intensity distribution. The projector 20
lets the condensing lens 233 adjust the laser light radiated
from the laser diode 10 to become parallel, light and, more-
over, to pass through the cylindrical lens 24 and condensing
lens 213 to be formed into a beam of linear laser light (linear
light).

Further, in FIG. 2, “0” represents an arbitrary value on the
left side (the left in the X-axis direction) of the deflection
angle 0 of the laser light reflected by the MEMS mirror 22,
while “2” represents an arbitrary value (here, it is the maxi-
mum value by which the laser light can be deflected) on the
right side (the right in the X-axis direction). Further, time t
represents any time within the time period from the time t=0
(the laser light is deflected to the leftmost position X)) to the
time t=m (the laser light is deflected to the rightmost position
X)) Further, here, the measuring object 3 is supposed to be
a substance having a uniformly flat surface, and the coordi-
nate X on the measuring object 3 takes the position X, as its
origin at which the laser light (linear light) is directed when
the time t=0. Further, range R1 represents the scanning range
(measuring range) of the laser light (linear light) on the mea-
suring object 3, corresponding to the directional change range
of' the laser light.

Further, here, the X-axis direction represents the direction
in which scanning is carried out with the laser light (linear
light) over the measuring object 3 (the direction changes with
the oscillation), while the Y-axis direction represents the
imaging direction of the imager 30, perpendicular to the X
axis.

Further, on the plane defined by the X axis and Y axis (a
plane parallel to the page of FIG. 2), a light irradiation direc-
tion ID is defined to be the direction in which the linear laser
light reflected from the MEMS mirror 22 is incident on the
measuring object 3. That is, as the deflection angle 6 of the
laser light reflected by the MEMS mirror 22 changes with
time, the irradiation direction ID also changes. In particular,
when the deflection angle 6 of the laser light is 0, the light
irradiation direction is ID,,, while when the deflection angle 0
of the laser light is 21, the light irradiation direction is ID,,,.
Here, it is possible to rephrase the deflection angle 6 of the
laser light reflected from the MEMS mirror 22 as the irradia-
tion direction ID of the laser light based on the light irradia-
tion direction 1D, when the deflection angle 6 is 0.

First, an explanation will be given about the principle and
operation of the period corrector 411 in the form measuring
apparatus 1 (the alteration process of modulation by the first
method).

The following Formula 1 expresses the deflection angle 6
of the laser light oscillated by the MEMS mirror 22 (i.e. the
irradiation direction of the laser light), as a function of the
time t.

<Formula 1>
0(1)=¥-(1-cos ) (€8]

However, in Formula 1, the time t is O<t<r. Further, here,
the variable 1 corresponds to the amplitude whereby the
MEMS mirror 22 deflects the laser light (linear light).
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Because the facing of the reflecting surface of the MEMS
mirror 22 sinusoidally changes with the passage of time, as
shown in Formula 1, the deflection angle 6 of the laser light
(the irradiation direction ID of the laser light) also sinusoi-
dally changes. The displacement of the coordinate x on the
measuring object 3 is in disproportionate relation with the
time t.

Further, when the coordinate x on the measuring object 3 is
denoted as a function of the deflection angle 6 of the laser
light (linear light), i.e. the irradiation direction ID of the laser
light, then it is expressed by the following Formula 2.

<Formula 2>

*(6)=Lo{tan(8+¢)-tan ¢} @

However, angle ¢ is the angle among the deflection angles
of the laser light (linear light) when the MEMS mirror 22 is
deflected maximally in one direction. For example, referring
to FIG. 2, it is the angle when the irradiation direction of the
laser light is the leftmost direction (Y-axis direction). Further,
distance L, denotes the distance from the MEMS mirror 22 to
the measuring object 3 in the direction (Y-axis direction)
perpendicular to the X-axis direction of the coordinate x.

As shown by Formula 2, the distance x (coordinate x) from
the origin position within the measuring range R1 in the form
measuring apparatus 1, corresponding to the imaging range of
the imager 30, (for example, the position X, at which the
measuring object 3 is irradiated with the laser light when the
irradiation direction of the laser light is the leftmost irradia-
tion direction), is not proportional to the irradiation direction
1D of'the laser light.

Combining the above Formula 1 and Formula 2, the fol-
lowing Formula 3 expresses the distance x as a function of the
time t.

<Formula 3>

x(t)=L[tan {y-(1-cos H)+p}-tan ¢] 3)

In this manner, as shown in Formula 3, the coordinate x of
irradiation with the laser light (linear light) over the measur-
ing object 3 is not proportional to the time t. Therefore, when
a sinusoidal signal with a constant period is used as it is as the
modulation signal of the laser intensity independent of the
irradiation direction of the laser light as with an aftermen-
tioned waveform W1 shown in FIG. 3 without carrying out
correction with the period corrector 411, then the area sensor
32 cannot take any image of a pattern having uniform grating
intervals (stripe intervals) with respect to the coordinate x for
the grating pattern or the stripe pattern. In the first embodi-
ment, therefore, the period corrector 411 carries out correc-
tion of the modulation signal by use of a function which
substitutes the above Formula 3 for the variable x of the
function f(x) denoting the intensity of the stripe pattern to be
projected. For example, when it is desired to project, onto the
measuring object 3, a uniformly sinusoidal stripe pattern:
f(x)=sin(x), then the function used to carry out correction of
the modulation signal period is a function f(t) of the time t as
expressed by the following Formula 4.

<Formula 4>

Ad=sin { Zoftan {yp-(1=cos 1)+}—tan ¢]) @

For example, when correcting the modulation period based
on Formula 4, the period corrector 411 acquires the timing
information at the origin position X, within the measuring
range R1 based on the angular information detected by the
angle detector 50. The period corrector 411 generates the
corrected modulation signal by applying the above Formula 4
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as a function of the time t (elapsed time) with reference (t=0)
to the timing at the origin position X,,. In particular, letting t=0
be the timing whereby the direction of the reflecting surface
of the MEMS mirror 22 is a predetermined direction, the
period corrector 411 equalizes the grating intervals (stripe
intervals) of the grating pattern by outputting the sinusoidal
modulation signal of which period changes with the passage
of time with such a period as shown in Formula 4 in synchro-
nization with the timing.

Further, for example, the corrected modulation signal is,
precalculated based on Formula 4 and stored in the storage 60
as the correction information 61 associated with the time t
(lookup table or correction table). The period corrector 411
carries out correction of the period of the modulation signal
based on the correction information 61 (lookup table or cor-
rection table) stored in the storage 60.

Further, by Formula 4, the explanation was made with an
aspect of carrying out correction of the period of the modu-
lation signal based on the function f(t) of the time t. However,
it is also possible to carry out correction to the modulation
signal of the laser light intensity based on a function f(0) of
the irradiation angle 6 of the laser light (light direction).
Especially, this is useful to a configuration of constantly
monitoring the direction of the reflecting surface such as with
a polygon mirror. In this case, in analogy with Formula 4, by
applying f(x)=sin(x) to Formula 2, the period corrector 411
can carry out correction of the period of the modulation signal
in the same manner as by Formula 4. Further, in this case, the
period corrector 411 carries out correction of the period of the
modulation signal based on the function f(0) as the angular
information (angle (phase), for example) of the reflecting
surface of the MEMS mirror 22 outputted from the angle
detector 50.

Further, as shown in FIG. 2, X, has a longer distance than
X, from the MEMS mirror 22 to the irradiation position. Even
though the angular change is the same, when the distance is
longer, then the amount of change in irradiation position
becomes larger. Hence, as the distance from the MEMS mir-
ror 22 to the irradiation position becomes longer, it is prefer-
able to shorten the period. The length of the period may also
be changed, with the distance as a parameter in this manner. In
the first embodiment, it is configured to lengthen the light-
emitting period of the laser diode 10 in proportion to the
distance between the projector and the irradiation position.

Next, an explanation will be given about the principle and
operation of the amplitude corrector 412 in the form measur-
ing apparatus 1 (modulation alteration process by the second
method).

When the distance L from the MEMS mirror 22 to the
position of projecting the laser light (linear light) on the
measuring object 3 is denoted in terms of a light angle 8 (light
direction), then it is expressed by the following Formula 5.

(Formula 5)
) 5)
Lo = cos(f + ¢)

Herein, the distance L, denotes the distance from the
MEMS mirror 22 to the measuring object 3 in the imaging
direction (Y-axis direction) of the imager 30, perpendicular to
the X-axis direction of the coordinate x. Further, the irradia-
tion angle 0 of the laser light is 0<0=21).

As one example, because the laser light intensity is
inversely proportional to the square of the distance L, from
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the MEMS mirror 22, when |, represents the laser light inten-
sity on the reflecting surface of the MEMS mirror 22, then the
following Formula 6 expresses the laser light intensity I, ()
on the plane vertical to the propagation direction of the laser
light on the surface of the measuring object 3.

(Formula 6)
cos?(6 + ) (6)

O 17

Iy

As shown in Formula 6, the distance L from the MEMS
mirror 22 differs as the irradiation position of the light flux
onto the measuring object 3 changes. Therefore, the intensity
of'the radiated laser light differs along with the position on the
measuring object 3.

Further, when the deflection angle of the laser light (linear
light) is angle 0, then the incidence angle of irradiating the
light onto the measuring object 3 is 0+¢, therefore, the laser
light intensity 1,(0) on the measuring object 3 is expressed by
the following Formula 7.

<Formula 7>

L(0)=cos(6+4),(6) M

As shown in Formula 7, the angle of irradiating the laser
light onto the measuring object 3 differs as the position on the
measuring object 3 changes.

Here, the laser light intensity 1,(0) on the measuring object
3 in which Formula 7 is taken into consideration is expressed
by the Formula 8, by substituting Formula 6 into the above
Formula 7.

(Formula 8)
cos? (0 + ) (3)

L) = 17

Iy

Here, the following Formula 9 expresses the ratio of the
laser light intensities based on the angle (6=21)) at the mini-
mum laser light intensity on the measuring object 3 within the
measuring range R1.

{Formula 9)

L)  cos’(@+¢) )

DOna +9) OS2 +¢)

Here, however, the maximum deflection angle 6, of the
laser light is 2.

In order for the measuring object 3 to be irradiated with a
constant intensity at any measuring position of the measuring
object 3 independent of the laser light angle 0, the laser light
intensity can be controlled based on the reciprocal of the
above Formula 9. Therefore, the following Formula 10
expresses a correction function P(0) of the amplitude having
taken the reciprocal of Formula 9.

(Formula 10}
cos> (2 + p) (10)

PO=sere
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Further, when the above Formula 10 is expressed by a
function of the time t, then it is expressed by the following
Formula 11.

(Formula 11)
cos® (2 + ¢) (1D

P = cos3{y-(1 — cost) + ¢}

Based on Formula 11, when correcting the modulation
amplitude, for example, the amplitude corrector 412 lets the
angle detector 50 acquire the timing when the reflecting sur-
face ofthe MEMS mirror 22 forms such an angle that the laser
light is radiated at the origin position X,, of the measuring
range R1. The amplitude corrector 412 generates the modu-
lation signal according to the above Formula 11 based on this
timing (t=0). The amplitude corrector 412 carries out correc-
tion of the amplitude based on Formula 11 to the modulation
signal whose period has been corrected by the period correc-
tor 411. In particular, the amplitude corrector 412 multiplies
the correction function P(t) of Formula 11 by the modulation
signal of which period has been corrected by the period cor-
rector 411. By virtue of this, the signal intensity of the grating
pattern (stripe pattern) is equalized.

Further, the storage 60 stores the value of the correction
function P(t) as the correction information 61 associated with
the time t (lookup table or correction table). The amplitude
corrector 412 carries out correction of the amplitude of the
modulation signal based on the correction information 61
(lookup table or correction table) stored in the storage 60.

Further, by Formula 11, the explanation was made with an
aspect of carrying out correction of the amplitude of the
modulation signal based on the function f(t) of the time t.
However, it is also possible to carry out correction of the
amplitude of the modulation signal based on the correction
function f(0) of the light angle 6 (light direction). In this case,
by applying Formula 10 instead of Formula 11, the amplitude
corrector 412 can carry out correction of the amplitude of the
modulation signal in the same manner as by Formula 11.
Further, in this case, the amplitude corrector 412 carries out
correction of the amplitude of the modulation signal based on
the correction function P(0) as the angular information (angle
(phase), for example) wherein the change in light direction is
detected by the angle detector 50.

Further, in the above example, the explanation was made
with an aspect of carrying out the correction under a condition
that the laser light intensity decreases in inverse proportion to
the square of the distance L,. However, the method of the
present teaching is not limited to this condition. For example,
when the laser light intensity is kept almost constant indepen-
dent of the distance L, or when the laser light intensity is
denoted by an arbitrary function g (L) of the distance L, then
it is possible to carry out correction of the laser light intensity
by the method of the present teaching.

In this manner, based on the direction (angular informa-
tion) of the reflecting surface of the MEMS mirror 22, the
modulator 41 carries out a process of altering the period of the
intensity change ofthe laser light according to the angle of the
reflecting surface of the MEMS mirror 22, as well as altering
the amplitude ofthe intensity change of the laser light accord-
ing to the angle of the reflecting surface of the MEMS mirror
22. The modulator 41 supplies the DAC 11 with the generated
and corrected modulation signal. The DAC 11 converts the
corrected modulation signal (digital signal) supplied from the
modulator 41 into an analog voltage signal, and supplies the
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amplifier 12 with the converted analog voltage signal. The
amplifier 12 converts, into a current signal, the analog voltage
signal of the corrected modulation signal supplied from the
DAC 11, and supplies the laser diode 10 with the analog
current signal of the corrected modulation signal. That is, the
amplifier 12 outputs an injection current to the laser diode 10.
By virtue of this, the laser diode 10 emits the laser light of
which light intensity has been modulated.

Further, such a modulation signal as with the waveform W1
shown in FIG. 3, for example, is outputted from a conven-
tional modulator which does not carry out the correction
process (alteration of modulation) as described above.

FIG. 3 shows intensity change of a modulation signal with
time before correction by a conventional modulator. In FIG.
3, the horizontal axis represents time t, while the vertical axis
represents injection current corresponding to laser light inten-
sity. Further, for simplification, explanations will be made
with a case of zeroing the intensity of the darkest part in an
image of the stripe pattern obtained by the imager 30.

The waveform W1 is the waveform of a modulation signal
which sinusoidally changes the laser light intensity with a
constant period and constant amplitude.

Considering the case in which the modulation signal, as it
is, such as that shown by the waveform W1 is used, the
intensity distribution of the laser light has such a form as a
waveform W2 shown in FIG. 4. This is because the displace-
ment of the coordinate x on the measuring object 3 is in
disproportionate relation with the time t, as shown in FIG. 2 as
described hereinbefore

The horizontal axis of FIG. 4 represents the coordinate x in
FIG. 2, while the vertical axis represents the light intensity.
This light intensity distribution corresponds to the bright-
dark grating (striping) of the grating pattern (stripe pattern).
In the waveform W2, the interval D2 of the bright-dark grat-
ing (striping) in the central area is longer than the interval D1
in the surrounding area, thereby not forming a constant inter-
val of the bright-dark grating (striping).

In contrast to this, the modulator 41 in the first embodiment
carries out a correction to alter the period and amplitude of
modulation by the aforementioned two methods, and gener-
ates such a corrected modulation signal as with a waveform
W3 shown in FIG. 5.

FIG. 5 shows the modulation signal corrected by the modu-
lator 41 in accordance with the first embodiment. In FIG. 5,
the horizontal axis represents time t, while the vertical axis
represents the injection current outputted by the amplifier 12
to the laser diode 10.

With respect to the waveform W3, because the period
corrector 411 corrects the modulation period based on For-
mula 4, the modulation period T2 in the central area is shorter
than the modulation periods T1 and T3 in the surrounding
areas within the measuring range R1.

Further, in the waveform W3, because the amplitude cor-
rector 412 corrects the modulation amplitude based on For-
mula 11, the amplitude increases with the passage of the time
t (to such an extent as displacement from the origin position
X, to the position X,,,).

The grating pattern, which is obtained when taking an
image of the flat measuring object 3 while causing the laser
diode 10 to emit light by the injection current in the waveform
W3, has the same amplitude and the same intervals in both of
the central and surrounding portions of the measuring area.
For example, the imager 30 acquires a grating pattern or a
stripe pattern with such an intensity distribution of the laser
light as represented by a waveform W4 shown in FIG. 6.

Herein, the horizontal axis of FIG. 6 represents the coor-
dinate x in FIG. 2, while the vertical axis represents the light
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intensity. This light intensity distribution corresponds to the
bright-dark grating (striping) of the grating pattern (stripe
pattern).

In this manner, in the form measuring apparatus 1 in accor-
dance with the first embodiment, because the modulator 41
carries out the correction to alter the period and amplitude of
modulation according to the directional change of the laser
light by the aforementioned two methods, as shown by the
waveform W4, there is obtained a grating pattern (stripe pat-
tern) with uniform grating (striping) intervals and uniform
grating (striping) intensity amplitude (see the intervals D3).

Further, when irradiating the laser light with a light inten-
sity a little higher than the noise level of the area sensor 32, it
is preferable to change the light irradiation intensity also for
the darkest part according to the irradiation position of the
measuring object 3. By virtue of this, it is possible to realize
a higher-accuracy measurement.

Next, explanations will be given about an operation of the
form measuring apparatus 1 to measure form of the measur-
ing object 3.

FIG. 7 is a flowchart showing a measuring process of the
form measuring apparatus 1 in accordance with the first
embodiment.

InFIG. 7, first, when a user (operator) turns on the power to
the form measuring apparatus 1 (step S101), then the control-
ler 40 starts to oscillate the MEMS mirror 22 of the projector
20 (step S102).

Next, the controller 40 of the form measuring apparatus 1
determines whether or not the shutter button has been pressed
to start the measuring operation (step S103). Further, the user
situates the form measuring apparatus 1 to a predetermined
measuring position for the measuring object 3 before pressing
the shutter button. When determining that the shutter button
has not yet been pressed, the controller 40 repeats the process
of step S103.

In step S103, when it is determined that the shutter button
has been pressed, then the controller 40 lets the process pro-
ceed to step S104 to select an irradiation intensity pattern.
With the N-bucket method, it is configured to let a first irra-
diation intensity pattern be selected for the first time, and a
second irradiation intensity pattern be selected for the second
time. Next, in step S105, the controller 40 determines a light
amount (corresponding to the light intensity) for the laser
diode 10, which is the light source, according to the selected
pattern.

Next, the form measuring apparatus 1 detects the phase
information (angular information) of the MEMS mirror 22
(step S106). That is, the modulator 41 of the controller 40
acquires the angular information detected by the angle detec-
tor 50.

Next, the controller 40 starts to control the light amount of
the laser diode 10 i.e. the light source (step S107). In particu-
lar, the period corrector 411 of the modulator 41 detects the
point of time at which the phase information (angular infor-
mation) of the MEMS mirror 22 becomes a predetermined
value. Further, the period corrector 411 alters the modulation
period based on the aforementioned Formula 4, in synchro-
nization with the detected point of time. The amplitude cor-
rector 412 alters the modulation amplitude based on Formula
11. Accordingly, the modulator 41 generates the corrected
modulation signal. The corrected modulation signal is sup-
plied to the laser diode 10 via the DAC 11 and amplifier 12.

Next, the controller 40 synchronizes the imager 30 with the
operation of the projector 20, causes the area sensor 32 to start
imaging, and starts a process of accumulating the image data
obtained by the area sensor 32 (step S108).

Next, the controller 40 ends accumulating the image data
by the area sensor 32 (step S109). That is, the controller 40
synchronizes the imager 30 with the operation of the projec-
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tor 20, causes the area sensor 32 to end imaging, and ends the
process of accumulating the image data obtained by the area
sensor 32.

Next, the controller 40 ends controlling the light amount of
the laser diode 10 i.e. the light source (step S110).

Next, the controller 40 causes the storage 60 to store the
image data read out of the area sensor 32 (step S111). Further,
the image data stored in the storage 60 are images of the
grating pattern when the grating pattern is projected on the
measuring object 3.

Next, the controller 40 determines whether or not there
have been acquired images with all the projected patterns
necessary for the form measurement (step S112). When the
images have not yet been acquired, then the process returns to
step S104 again to select the next projection pattern. On the
other hand, when the images have been acquired with the
necessary patterns projected, then the controller 40 calculates
the three-dimensional form of the measuring object 3 based
on the plurality of image data stored in the storage 60. The
controller 40 lets the display 70 display the calculated three-
dimensional form of the measuring object 3 (step S113).

Next, the form measuring apparatus 1 ends the process
when the end of measuring is reached (step S114: YES), but
returns the process to step S103 when the end of measuring is
not reached (step S114: NO).

Further, in the first embodiment, the form measuring appa-
ratus 1 calculates the three-dimensional form of the measur-
ing object 3 based on the N-bucket method. Therefore, the
form measuring apparatus 1 acquires, for example, a grating
pattern image when projecting four grating patterns different
in initial phrase on the measuring object 3. Then, the form
measuring apparatus 1 calculates the three-dimensional form
of'the measuring object 3 based on the acquired image of the
four grating patterns.

Therefore, in order to project, onto the measuring object 3,
the four grating patterns of which initial phrases are respec-
tively O degree, 90 degree, 180 degree, and 270 degree, a
modulation signal as shown in FIG. 8 is inputted as the drive
signal to the laser diode 10. Further, FIG. 8 shows four types
of corrected modulation signals different in phase in accor-
dance with the firstembodiment. In FIG. 8, the horizontal axis
represents time t, while the vertical, axis represents the injec-
tion current outputted by the amplifier 12. Further, in FIG. 8,
the waveform W5 represents the corrected modulation signal
corresponding to the initial phase of 0 degree, while the
waveform W6 represents the corrected modulation signal
corresponding to the initial phase of 90 degree. Further, the
waveform W7 represents the corrected modulation signal
corresponding to the initial phase of 180 degree, while the
waveform W8 represents the corrected modulation signal
corresponding to the initial phase of 270 degree.

Then, the measuring portion 42 calculates the distance
from the form measuring apparatus 1 to the surface of the
measuring object 3 as the phase information 6 according to
each pixel constituting the image data, from the image data of
the four grating patterns acquired from the imager 30, by such
a formula of the process method as shown in the following
Formula 12.

(Formula 12)

9 = tan-! loo = Iro (12)

hiso— 1o
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Here in Formula 12, 1, I, 1,50, and 1,,, are the intensities
of the respective pixels detected by the area sensor 32 when
projecting, onto the measuring object 3, the sinusoidal stripes
of which initial phases are respectively 0 degree, 90 degree,
180 degree, and 270 degree.

The measuring portion 42 calculates the form of the mea-
suring object 3 based on the phase information 6 calculated
by using Formula 12.

As explained above, in the form measuring apparatus 1 in
accordance with the first embodiment, the laser diode 10 is
synchronized when the irradiation direction of the light from
the projector 20 becomes a predetermined direction, and irra-
diates the measuring object 3 with the light while changing
the intensity with a certain period and certain amplitude. The
projector 20 periodically changes the irradiation direction of
the light emitted from the laser diode 10. On the other hand,
the imager 30 performs exposure to carry out imaging over
the period of scanning at least the measuring area of the
measuring object 3 with the light from the laser diode 10. By
virtue of this, the imager 30 takes an image of the grating
pattern projected on the measuring object 3. The measuring
portion 42 measures the form of the measuring object 3 based
on the image taken by the imager 30.

By virtue of this, because the light intensity is altered by
changing the modulation period and modulation amplitude
according to the directional change of the light from the
projector 20, it is possible to correct the unevenness of the
pitch and brightness of the grating pattern being projected on
the measuring object 3, arising from the directional change of
the irradiating light. Therefore, even when the measuring area
is set to have a wider range than the distance from the form
measuring apparatus 1 to the measuring object 3, it is still
possible to project, onto the flat measuring object 3, the image
of the grating pattern with a predetermined pitch and a pre-
determined brightness over the entire measuring area. There-
fore, the form measuring apparatus 1 in the first embodiment
can maintain the same measuring accuracy independent of
the measuring position, while widening the range of measur-
ing the measuring object 3.

Further, because the form measuring apparatus 1 in the first
embodiment can collectively measure an object over a wide
range, it is possible to reduce the measuring time.

Further, in the first embodiment, the imager 30 includes an
imaging optical system (the light receiving lens 31) which
forms an image of the pattern, and the modulator 41 (the
period corrector 411) can alter the modulation period accord-
ing to the imaging performance of the imaging optical sys-
tem. For example, suppose that the measuring object 3 is aflat
surface vertical to the optical axis of the light receiving lens
31 as shown in FIG. 2 at the center and periphery of the visual
field of the imager 30, and that the grating pattern is projected
with the same pitch and the same intensity change at both of
the center and periphery of the visual field. Even in such a
case, the image obtained by the imager 30 can still be sub-
jected to grating pitch change at the center and periphery of
the image, due to some distortion of the light receiving lens
31. Therefore, for the area showing narrow pitches of the
grating pattern projected at equal intervals, it is recommend-
ableto alter the modulation period of the drive signal supplied
to the laser diode 10 according to the angular velocity of the
MEMS mirror 22 and the distortion feature of the light receiv-
ing lens 31 at the time of irradiating the relevant area with the
laser light, so as to project the grating pattern with a wider
pitch. Especially, when the imager 30 adopts a fisheye lens as
the light receiving lens 31, etc., then the modulator 41 (the
period corrector 411) lengthens the modulation period for the
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surrounding part of the measuring range so as to form the
grating intervals (stripe intervals) measurable by the F value
of the light receiving lens 31.

By virtue of this, because it is possible to form a suitable
grating pattern (stripe pattern) according to the imaging per-
formance of the imaging optical system, the form measuring
apparatus 1 in the first embodiment can prevent the grating
intervals (stripe intervals) from growing narrow in the sur-
rounding area, thereby making it possible to widen the mea-
suring range of measuring the measuring object 3.

Further, in the first embodiment, the modulator 41 (the
amplitude corrector 412) alters the modulation amplitude
according to the directional change of the irradiating light.

However, the present teaching is not limited to only alter-
ing the modulation amplitude. For example, when a C-MOS-
type area sensor is used, then the gain in the corresponding
pixel can also be variable according to the set modulation
amplitude.

Further, in the first embodiment, for example, when the
measuring object 3 is a flat surface of uniform reflectivity and
diffusivity, then the modulator 41 (the amplitude corrector
412) carries out modulation on the drive signal to the laser
diode 10 so as to form a constant intensity difference between
the bright part and the dark part of the image of the grating
pattern projected on the measuring object 3. Further, the
modulator 41 (the amplitude corrector 412) can also alter the
modulation to the drive signal of the laser diode 10 according
to the directional change of the light such that the grating
(striping) intensity distribution in the grating pattern (stripe
pattern) is within the scope of the level at which the area
sensor 32 is capable of imaging based on the noise level and
saturation level of the area sensor 32 (imaging element)
included in the imager 30.

By virtue of this, because it is possible to constrain the
dynamic range of the projecting grating pattern, the form
measuring apparatus 1 in the first embodiment can widen the
measuring range of measuring the measuring object 3.

Further, in the first embodiment, the following alternative
method is also adoptable other than modulating the drive
signal to the laser diode 10 to cause a light amount change to
the measuring object 3. That is, in the projector, there can be
arranged a mirror capable of varying the reflectivity, and a
filter or liquid crystal panel capable of varying the light
amount between the light source and the measuring object 3,
s0 as to cause the reflectivity and transmissivity to be variable
according to the irradiation direction of the MEMS mirror 22.
By doing so, it is possible to impart a desirable brightness
distribution to the grating pattern projected on the measuring
object 3.

Further, in the first embodiment, the modulator 41 detects
the directional change of the light as the timing information
which indicates a predetermined direction (the oscillating
origin position X, for example) in the scope of change in the
light direction changed by the projector 20, and alters the
modulation based on this timing information.

In this case, when it is possible to detect only the predeter-
mined direction within the scope of change in the light direc-
tion changed by the projector 20, then the modulator 41 can
alter the modulation; thus the modulation process can be
realized by a simple mechanism.

Further, the form measuring apparatus 1 in the first
embodiment includes the storage 60 which stores the precal-
culated correction information 61 (lookup table, for example)
associated with the directional change of the light (for
example, the elapsed time t based on the angular information,
and the timing information indicating a predetermined direc-
tion). The modulator 41 alters the modulation based on the
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correction information 61 stored in the storage 60 and asso-
ciated with the directional change of the light.

By virtue of this, because the correction information 61 is
precalculated with Formula 4 and Formula 11, and prestored
in the storage 60, it is possible to reduce the calculation
amount of the modulator 41 in the process of altering the
modulation.

Further, in the first embodiment, the modulator 41 carries
out the modulation such that the imager 30 takes images in
which a plurality of (four, for example) grating patterns
(stripe patterns) different in initial phase are projected on the
measuring object 3. The imager 30 takes the images of the
plurality of grating patterns different in initial phase, respec-
tively. The measuring portion 42 measures the form of the
measuring object 3 based on the plurality of the images which
are taken by the imager 30 and correspond respectively to the
plurality of grating patterns (stripe patterns) different in
phase.

By virtue of'this, the form measuring apparatus 1 in the first
embodiment can, for example, widen the measuring range of
measuring the measuring object 3 while correctly measuring
the form of the measuring object 3 by using the N-bucket
method.

Further, in the first embodiment, while the controller 40
includes the amplitude corrector 412 and period corrector 411
as the modulator 41, it is also possible to only include either
one corrector of the amplitude corrector 412 and period cor-
rector 411. By virtue of this, it is possible to simplify the
control by reducing the number of objects controlled by the
controller 40 and, furthermore, it is possible to reduce the
power consumption of the form measuring apparatus 1.

Further, the first embodiment applies a form measuring
method which includes an irradiation step of irradiating light,
a projection step, a modulation step, an imaging step, and a
measuring step. The projection step is configured to project a
pattern via light onto the measuring object 3 by periodically
changing the direction of the light radiated in the irradiation
step. The modulation step is configured to carry out a modu-
lation to periodically change the light intensity radiated in the
irradiation step, while altering the modulation according to
the directional change of the light. The imaging step is con-
figured to take an image of the pattern projected on the mea-
suring object 3 in the projection step. The measuring step is
configured to measure the form of the measuring object 3
based on the image taken in the imaging step.

By virtue of this, because of altering the modulation to
periodically change the light intensity according to the direc-
tional change of the light in the projection step, it is possible
to correct the change in the image of the pattern projected on
the measuring object 3, arising from the directional change of
the irradiating light. Therefore, itis possible to obtain suitable
pattern images independent of the directional change of the
irradiating light. Accordingly, it is possible to widen the mea-
suring range of measuring the measuring object 3 by using the
form measuring method in the first embodiment.

Second Embodiment

Next, explanations will be given about a structural object
manufacturing system provided with the form measuring
apparatus 1 described hereinabove.

FIG. 9 is a block diagram of construction of a structural
object manufacturing system 200. The structural object
manufacturing system 200 includes the aforementioned form
measuring apparatus 1, a design apparatus 110, a forming
apparatus 120, a controller (inspection apparatus) 130, and a
repair apparatus 140.
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The design apparatus 110 creates design information
related to the form of a structural object, and sends the created
design information to the forming apparatus 120. Further, the
design apparatus 110 stores the created design information
into an aftermentioned coordinate storage 131 of the control
device 130. The design information mentioned here indicates
the coordinates of each position of the structural object. Fur-
ther, the aforementioned measuring object 3 corresponds to
the structural object in the second embodiment.

Based on the design information inputted from the design
apparatus 110, the forming apparatus 120 fabricates the
above structural object. The formation process of the forming
apparatus 120 includes casting, forging, cutting, and the like.

The form measuring apparatus 1 measures the coordinates
of' the fabricated structural object (the measuring object), and
sends information (form information) indicating the mea-
sured coordinates to the controller 130.

The controller 130 includes the coordinate storage 131 and
an inspection portion 132. The coordinate storage 131 stores
the design information from the design apparatus 110 as
described hereinbefore. The inspection portion 132 reads out
the design information from the coordinate storage 131. The
inspection portion 132 compares the information (the form
information) indicating the coordinates received from the
form measuring apparatus 1 with the design information read
out of the coordinate storage 131.

Based on the comparison result, the inspection portion 132
determines whether or not the structural object is formed in
accordance with the design information. In other words, the
inspection portion 132 determines whether or not the fabri-
cated structural object is nondefective. When the structural
object is not formed in accordance with the design informa-
tion, then the inspection portion 132 determines whether or
not it is repairable. When it is repairable, then the inspection
portion 132 calculates the defective portions and repairing
amount based on the comparison result, and sends informa-
tion to the repair device 140 to indicate the defective portions
and the repairing amount.

Based on the information indicating the defective portions
and repairing amount received from the controller 130, the
repair apparatus 140 processes the defective portions of the
structural object.

FIG. 10 is a flowchart showing a process flow of the struc-
tural object manufacturing system 200. First, the design appa-
ratus 110 creates design information related to the form of a
structural object (step S201). Next, the forming apparatus 120
fabricates the above structural object based on the design
information (step S202). Then, the form measuring apparatus
1 measures the form of the fabricated structural object (step
S203). Thereafter, the inspection portion 132 of the controller
130 inspects whether or not the structural object is really
fabricated in accordance with the design information by com-
paring the form information obtained by the form measuring
apparatus 1 with the above design information (step S204).

Next, the inspection portion 132 of the controller 130 deter-
mines whether or not the fabricated structural object is non-
defective (step S205). When the fabricated structural objectis
nondefective (step S205: Yes), then the structural object
manufacturing system 200 ends the process. On the other
hand, when the fabricated structural object is defective (step
S205: No), then the inspection portion 132 of the controller
130 determines whether or not the fabricated structural object
is repairable (step S206).

When the fabricated structural object is repairable (step
S206: Yes), then the repair apparatus 140 reprocesses the
structural object (step S207), and then the process returns to
step S203. On the other hand, when the fabricated structural
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object is not repairable (step S206: No), then the structural
object manufacturing system 200 ends the process. With that,
the process of the flowchart is ended.

In the above manner, because the form measuring appara-
tus 1 in the aforementioned first embodiment can widen the
measuring range of measuring the structural object, the struc-
tural object manufacturing system 200 can reduce the time for
determining whether or not the fabricated structural object is
nondefective. Further, because the form measuring apparatus
1 in the first embodiment can correctly measure the coordi-
nates of the structural object, the structural object manufac-
turing system 200 can determine whether or not the fabricated
structural object is nondefective. Further, when the structural
object is defective, then the structural object manufacturing
system 200 can reprocess the structural object to repair the
same.

Further, the repair process carried out by the repair appa-
ratus 140 in the second embodiment can alternatively be
replaced by a process for the forming apparatus 120 to carry
out the formation process over again. On this occasion, when
the inspection portion 132 of the controller 130 determines
that it is repairable, then the forming apparatus 120 carries out
the formation process (forging, cutting and the like) over
again. In particular, for example, the forming apparatus 120
cuts the portions of the structural object which should have
been cut but have not. By virtue of this, the structural object
producing system 200 can correctly fabricate the structural
object.

Further, the present teaching is not limited to any of the
respective embodiments above, but is alterable without
departing from the scope and true spirit of the present teach-
ing.

For example, in the respective embodiments above, while
the explanation is made with an aspect of using the laser diode
10 irradiating visible laser light as the light source, i.e., the
irradiator, the present teaching is not limited to this. For
example, instead of the laser diode 10, as another aspect it is
also possible to use an X-ray source, terahertz light source,
visible-light LED (Light Emitting Diode), infrared LED,
infrared semiconductor laser, etc., or to use a irradiator which
irradiates another electromagnetic wave.

Further, in the respective embodiments above, while the
explanation is made with an aspect of using the MEMS mirror
22 in the projector 20, the present teaching is not limited to
this. For example, as another aspect it is also possible to use,
in the projector 20, a galvanic mirror, polygon mirror, DMD
(Digital Micromirror Device), plate spring fitted with a mir-
ror, etc. Further, as still another aspect it is also possible to
use, in the projector 20, a member which makes use of dif-
fraction phenomenon such as AOM (Acousto-Optic Modula-
tor), etc., or to use another deflection member which deflects
light.

Further, in the respective embodiments above, while the
explanation is made with an aspect of using the area sensor 32
as an imaging element, the present teaching is not limited to
this. For example, as another aspect it is also possible touse a
CCD-type image sensor, MOS-type image sensor, MOS-type
area sensotr, etc.

Further, the angle detector 50 is not limited to the respec-
tive embodiments above. As another aspect, the angle detec-
tor 50 can also use, for example, a photodiode, photo inter-
rupter, phototransistor, rotary encoder, etc.

Further, in the respective embodiments above, the expla-
nation is made with an aspect of using lenses such as the light
receiving lens 31 and the like as the configuration of forming
the pattern image. However, as another aspect, it is also pos-
sible to use, for example, mirrors, zone plates, etc.
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Further, in the respective embodiments above, the expla-
nation is made with an aspect that the form measuring appa-
ratus 1 uses light to measure the form of the measuring object
3. However, the present teaching is not limited to this, but is
applicable to various electromagnetic waves. For example,
when X-ray is used for the form measuring apparatus 1, then
the form measuring apparatus 1 is configured to use a mirror
coated for use of X-ray instead of the MEMS mirror 22, and
to use a focusing mirror or zone plate for use of X-ray instead
of'alens such as the light receiving lens 31 or the like. Further,
in such case, instead of the area sensor 32, an area sensor for
use of X-ray is used.

In the above manner, the form measuring apparatus 1
includes an irradiator irradiating an electromagnetic wave
(the laser diode 10), a projector (the projector 20), a detector
(the imager 30), a measuring portion (the measuring portion
42), and a modulator (the modulator 41). The projector peri-
odically changes the direction of the electromagnetic wave
irradiated from the irradiator, and projects, onto a measuring
object, a pattern of energy density distribution formed by the
electromagnetic wave. The detector detects an image of the
pattern of energy density distribution projected by the projec-
tor on the measuring object. The measuring portion measures
the form of the measuring object based on the image detected
by the detector. Then, the modulator carries out modulation
which periodically changes the energy density of the electro-
magnetic wave radiated from the irradiation portion, while
altering the modulation according to the directional change of
the electromagnetic wave.

By virtue of this, because the form measuring apparatus 1
alters the modulation which periodically changes the energy
density of the electromagnetic wave according to the direc-
tional change of the electromagnetic wave by the projector, it
is possible to correct the change of the image projected on the
measuring object, arising from the directional change of the
irradiating electromagnetic wave. Therefore, because it is
possible to obtain an image of the pattern of a suitable energy
density distribution independent of the directional change of
the irradiating electromagnetic wave, the form measuring
apparatus 1 in the above embodiments can widen the measur-
ing range of measuring the measuring object.

Further, in the respective embodiments above, the expla-
nation is made with an aspect of using the cylindrical lens 24
to generate approximately rectangular shaped pattern light
(linear light). However, as another aspect, it is also possible to
generate approximately rectangular shaped pattern light (lin-
ear light) by scanning with spot light.

Further, as still another aspect, it is also possible to arrange
a Powell lens between the cylindrical lens 24 and the con-
densing lens 233 as in FIG. 2. In such case, it is possible to
obtain an even intensity distribution in the approximately
rectangular shaped pattern light. Therefore, it is possible for
the form measuring apparatus 1 to improve a spatial unifor-
mity of the intensity in the grating (striping) within the scope
of the image taken by the imager 30. Thus, the form measur-
ing apparatus 1 can reduce the possibility of failing to mea-
sure the object because of being unable to acquire the signal
for some end portion of the grating (striping).

Further, in the respective embodiments above, while the
explanation is made with an aspect that the modulator 41
includes both of the period corrector 411 and the amplitude
corrector 412, as another aspect the modulator 41 can include
either one of them.

Further, in the respective embodiments above, the expla-
nation is made with an aspect that the modulator 41 alters the
modulation based on the correction information 61 (lookup
table) precalculated with Formula 4 and Formula 11. How-

10

15

20

25

30

35

40

45

50

55

60

65

22

ever, as another aspect, it is also possible to carry out the
calculation with Formula 4 and Formula 11 each time to alter
the modulation.

Further, in the respective embodiments above, the expla-
nation is made with an aspect of altering the modulation based
on Formula 4 and Formula 11. However, the present teaching
is not limited to this. As another aspect, it is also possible to
alter the modulation based on other correction functions.

Further, in the respective embodiments above, the expla-
nation is made with an aspect that, as an example, the mea-
suring portion 42 uses Formula 12 based on the N-bucket
method to measure the form of the measuring object 3. How-
ever, the present teaching is not limited to this. As another
aspect, it is also possible to use other methods. Further, while
the explanation is made with an aspect of using an image of
four grating patterns (stripe patterns) different in initial phase,
the present teaching is not limited to this, either.

Further, “controller CONT” will be used hereinbelow as an
inclusive term to include the form measuring apparatus 1,
controller 130, forming apparatus 120, repair apparatus 140
and design apparatus 110 in either of the embodiments above.
This controller CONT or each part included in this controller
CONT can be realized either by dedicated hardware or by a
microprocessor and memory.

Further, the controller CONT or each part included in the
controller CONT can be realized by dedicated hardware. The
controller CONT or each part included in the controller
CONT canbe constructed of a CPU (Central Processing Unit)
and memory while its function is realized by loading a pro-
gram into the memory and executing the program for realiz-
ing the function of the controller CONT or each part included
in the controller CONT.

Further, it is possible to carry out the process of the con-
troller CONT or each part included in the controller CONT by
recording a program for realizing the function of the control-
ler CONT or each part included in the controller CONT into
a computer-readable recording medium, letting a computer
system read in the program stored in the recording medium,
and executing the program. Further, the term “computer sys-
tem” used here is supposed to include an OS (Operating
System), and hardware such as peripheral equipment and the
like.

Further, the “computer system” is supposed to also include
a WWW (World Wide Web) system provided with a website
provision environment (or a display environment). Further,
the “computer-readable recording medium” refers to a por-
table medium such as a flexible disk, magnetic optical disk,
ROM, CD-ROM, etc., or a storage device such as hard disk
built in the computer system, etc. Further, the “computer-
readable recording medium” is supposed to also include
devices which retain a program for a certain period of time
such as volatile memory (RAM) inside the computer system
which acts as a server or a client on the occasion of transmit-
ting the program via a network such as the Internet or the like,
or via communication lines such as telephone lines or the like.

Further, the abovementioned program can also be transmit-
ted to other computer systems from the computer system
storing the program in its storage device or the like via a
transmission medium, or by some transmission wave in the
transmission medium. Here, the term “transmission medium”
transmitting the program refers to a medium which has such
a function of transmitting information as a (communication)
network such as the Internet or the like, or communication
links (lines) such as telephone lines or the like. Alternatively,
the abovementioned program can serve the purpose of real-
izing part of the aforementioned function. Still alternatively,
it can be a so-called difference file (difference program)
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which enables the realization of the aforementioned function
by combination with the program already recorded in the
computer system.

What is claimed is:

1. An apparatus for determining a three-dimensional form
of an object comprising:

a light generator configured to generate a light;

a projector configured to scan the object with the light by

changing an irradiation direction of the light;

a controller configured to control the light generator to
periodically change an intensity of the light, and to
change an amplitude of the intensity change of the light
according to the irradiation direction;

an imager configured to take an image of the object; and

a measuring portion configured to determine the three-
dimensional form of the object based on the image of the
object.

2. The apparatus according to claim 1, wherein

the image is formed at a light-receiving plane;

the imager includes an imaging element configured to take
the image; and

under a condition that the object is a flat surface conjugate
to the light-receiving plane, the controller is configured
to control the light generator to change the amplitude of
the intensity change of the light according to a direction
of scanning of the light by the projector, so as to acquire
a grating pattern with equal difference in light intensity
between a bright part and a dark part of the image taken
by the imaging element through exposure over a prede-
termined period of time.

3. Apparatus according to claim 1, wherein

the imager includes an imaging element, and an imaging
optical system which is configured to form the image on
the imaging element; and

the controller is configured to control the light generator to
change the amplitude of the intensity change of the light
according to optical conditions of the imaging optical
system.

4. The apparatus according to claim 1, wherein

the controller is configured to generate a control signal
which is supplied to the light generator to modulate the
intensity of the light in proportion to the intensity of the
control signal, and

the controller is further configured to change an amplitude
of the control signal supplied to the light generator
according to the irradiation direction.

5. The apparatus according to claim 1, wherein the control-
ler is configured to control the light generator to change a
period of the intensity change of the light according to the
irradiation direction.

6. The apparatus according to claim 5, wherein the control-
ler is configured to control the light generator to change the
period of the intensity change of the light based on an elapsed
time from a first point of time at which the projector deflected
the irradiation direction of the light toward the object to a
predetermined direction.

7. The apparatus according to claim 5, wherein:

the imager includes an imaging element, and an imaging
optical system which is configured to form the image on
the imaging element; and

the controller is configured to control the light generator to
change the period of the intensity change of the light
according to optical conditions of the imaging optical
system.

8. The apparatus according to claim 5, wherein the control-

ler is configured to control the light generator to change the
period of the intensity change of the light, so as to lengthen the
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period of the intensity change of the light according to the
direction of scanning the object in an end area rather than a
central area on the object of which image is taken by the
imager.

9. The apparatus according to claim 5, wherein

the image is formed on a light-receiving plane;

the imager includes an imaging element which is config-

ured to take the image; and

under a condition that the object is a flat surface conjugate

to the light-receiving plane, the controller is configured
to control the light generator to change the period of the
intensity change of the light according to a direction of
scanning with the light by the projector, so as to acquire
a grating pattern with equal difference in light intensity
between a bright part and a dark part of the image taken
by the imager through exposure over a predetermined
period of time.

10. The apparatus according to claim 5, wherein the con-
troller is configured to control the light generator to change
the period of the intensity change of the light in inverse
proportion to the distance between the projector and the area
irradiated with the light on the object.

11. The apparatus according to claim 5, wherein

the controller is configured to generate a control signal

which is supplied to the light generator to modulate the
intensity of the light in proportion to the intensity of the
control signal, and

the controller is further configured to change a period of the

control signal supplied to the light generator according
to the irradiation direction.

12. The apparatus according to claim 1, wherein the pro-
jector includes a deflector configured to change the irradia-
tion direction of the light toward the object with a constant
period.

13. The apparatus according to claim 12, wherein the
deflector is a reflecting member of a simple harmonic motion
type.

14. The apparatus according to claim 1, wherein an expo-
sure time of the imager is setup synchronized with the pro-
jector.

15. The apparatus according to claim 1, further comprising
a detector which is configured to detect the irradiation direc-
tion of the light toward the object,

wherein the controller is configured to control the light

generator based on the irradiation direction.

16. The apparatus according to claim 15:

wherein the detector is configured to detect a signal indi-

cating that the irradiation direction of the light is a pre-
determined direction; and

the controller is configured to control the light generator

based on the signal detected by the detector, so that the
intensity of the light is synchronized with the irradiation
direction of the light from the projector.

17. The apparatus according to claim 1, further comprising
a storage configured to store information related to the inten-
sity of the light in association with the irradiation direction of
the light toward the object,

wherein the controller is configured to control the light

generator based on the information stored in the storage.

18. The apparatus according to claim 1, wherein the light
generator is configured to generate the light of which inten-
sity changes sinusoidally.

19. The apparatus according to claim 1, wherein:

the projector is configured to form a light amount distribu-

tion in a shape of a grating pattern on the object by
scanning with the light over the object; and
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the controller is configured to control the intensity of the
light to change an initial phase of the grating pattern
formed on the object.

20. A structure manufacturing system comprising:

adesign apparatus configured to create design information
related to a form of a structure;

aforming apparatus configured to form the structure based
on the design information;

an apparatus for determining a three-dimensional form of
the structure comprising:

a light generator configured to generate a light;

aprojector configured to scan the structure with the light
by changing an irradiation direction of the light;

a controller configured to control the ht generator to
periodically change an intensity of the light and to
change an amplitude of the intensity change of the
light according to the irradiation direction;

an imager configured to take an image of the structure;
and

a measuring portion configured to determine the three-
dimensional form of the structure based on the image;
and

an inspection device configured to compare the determined
three-dimensional form of the structure with the design
information.

21. An apparatus for determining a three-dimensional form

of an object, comprising:

a light generator configured to generate a light;

a projector configured to scan the object with the light by
changing an irradiation direction of the light;

a controller configured to control the light generator to
sinusoidally change intensity of the light, and to change
aperiod of the intensity change of the light according to
the irradiation direction;

an imager configured to take an image of the object; and

a measuring portion configured to determine the three-
dimensional form of the object based on the image.

22. A scanner comprising:

a light generator configured to generate a light;

a projector configured to scan an object with the light by
changing an irradiation direction of the light; and

a controller configured to control the light generator to
change an amplitude of an intensity change of the light
according to the irradiation direction.

23. The scanner according to claim 22, wherein the con-
troller is configured to control the light generator to change a
period of the intensity change of the light according to the
irradiation direction.

24. A method for determining a three-dimensional form of
an object comprising:

generating a light;

scanning the object with the light by changing an irradia-
tion direction of the light;

modulating an intensity of the light periodically, and
modulating an amplitude of an intensity change of the
light according to the irradiation direction;

taking an image of the object in synchronization with scan-
ning the object with the light; and

determining the three-dimensional form of the object
based on the image.

25. The method according to claim 24, wherein upon
modulating the amplitude of the intensity change of the light,
the amplitude of the intensity of the light is modulated, so as
to acquire a grating pattern with equal difference in light
intensity between a bright part and a dark part of the image,
taken by the imaging element, of the object, under a condition
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that the object is a flat surface conjugate to a light-receiving
plane of an imaging element which takes the image of the
object.

26. The method according to claim 24, wherein upon
modulating the amplitude of the intensity change of the light,
the amplitude of the intensity of the light is modulated based
on properties of an optical system which is configured to
cause an imaging element to form the image.

27. The method according to claim 24, wherein upon
modulating the amplitude of the intensity change of the light,
a control signal is generated to modulate the intensity of the
light in proportion to the intensity of the control signal, and an
amplitude of the intensity change of the control signal is
modulated according to the irradiation direction.

28. The method according to claim 24, further comprising:

modulating a period of the intensity change of the light

according to the irradiation direction.

29. The method according to claim 28, wherein modulating
the period of the intensity change of the light, the period of the
intensity change is modulated based on an elapsed time from
a first point of time of deflecting the irradiation direction of
the light toward the object to a predetermined direction.

30. The method according to claim 29, wherein an expo-
sure time for taking the image is setup synchronized with
scanning the object with the light.

31. The method according to claim 28, wherein upon
modulating the period of the intensity change of the light, the
period of the intensity change of the light is modulated based
on properties of an optical system which is configured to
cause an imaging element to form the image.

32. The method according to claim 28, wherein upon
modulating the period of the intensity change of the light, the
period of the intensity change of the light is lengthened in an
end area rather than a central area of taking the image.

33. The method according to claim 28, wherein upon
modulating the period of the intensity change of the light, the
period of the intensity change of the light is modulated, so as
to acquire a grating pattern with equal difference in light
intensity between a bright part and a dark part of the image,
under a condition that the object is a flat surface conjugate to
a light-receiving plane of an imaging element which is con-
figured to take the image.

34. The method according to claim 28, wherein upon
modulating the period of the intensity change of the light, the
period of the intensity change of the light is modulated in
inverse proportion to the distance between a projector which
is configured to change an irradiation direction of the light
toward the object, and a positron irradiated with the light on
the object.

35. The method according to claim 28, wherein upon
modulating the period of the intensity change of the light, a
control signal is generated to modulate the intensity of the
light in proportion to the intensity of the control signal, and
the period of the intensity change of the control signal is
modulated according to the irradiation direction.

36. The method according to claim 24, further comprising:

detecting a change in irradiation direction of the light

toward the object,

wherein upon modulating the period of the intensity

change of the light, the period of the intensity change of
the light is modulated based on the detected irradiation
direction.

37. The method according to claim 36, wherein upon
detecting the changing irradiation direction of the light
toward the object, a signal indicating that the change in irra-
diation direction of the light is a predetermined direction is
detected; and upon modulating the period of the intensity
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change of the light, the intensity change is modulated based
on the detected signal, so as to synchronize the irradiation
direction of the light with the intensity of the light.

38. The method according to claim 24, further comprising:

storing information related to the intensity of the light in

association with the changing irradiation direction of the
light toward the object,

wherein upon modulating the period of the intensity

change of the light, the intensity change is modulated
based on the stored information.

39. The method according to claim 24, wherein upon scan-
ning the object with the light, the object is scanned with the
light to form a light amount distribution in a shape of a grating
pattern on the object; and

upon modulating the period of the intensity change of the

light, the intensity of the light is modulated to change an
initial phase of the grating pattern formed on the object.

40. A structure manufacturing method comprising:

creating design information related to a form of a structure;

manufacturing the structure based on the design informa-
tion;

generating a light;

scanning the structure with the light by changing an irra-

diation direction of the light;

modulating an intensity of the light periodically, and

modulating an amplitude of an intensity change of the
light according to the irradiation direction;

taking an image of the structure in synchronization with

scanning the structure with the light;

determining a three-dimensional form of the structure

based on the image; and
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comparing the three-dimensional form with the design

information.

41. The method according to claim 40, further comprising:

carrying out reprocessing of the structure based on a result

of comparing the three-dimensional form with the
design information.
42. The method according to claim 41, wherein upon car-
rying out the reprocessing, manufacturing the structure is
carried out over again.
43. A non-transitory computer-readable medium storing a
program configured to cause a computer within an apparatus
to carry out operations comprising:
generating light, via a light generator of the apparatus;
scanning an object with the light by changing irradiation
direction of the light, via a projector of the apparatus;

controlling the light generator, via a controller of the appa-
ratus, to periodically modulate an intensity of the light,
and to modulate an amplitude of the intensity change of
the light according to the irradiation direction;

taking an image of the object scanned via the projector with

the light, via an imager of the apparatus; and
determining a three-dimensional form of the object based
on the image via a measuring portion of the apparatus.

44. The computer-readable medium according to claim 43,
wherein upon controlling the light generator via the control-
ler, the controller controls the light generator to modulate a
period of the intensity change of the light, according to the
irradiation direction.
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